INTRODUCTION
It is no coincidence that we ask people to "give us a hand" when we need help. Our hands are crucial for everything from getting out of bed to playing the piano. But there are people who have only one hand or no hands at all. Some people are born without one or both hands. Others lose hands through accidents, like car crashes, through illnesses, like blood infections, or in war. Often, things can easily be done with one hand [ ]. People can use their teeth, chin, or legs and feet to hold and move things. For example, to try to pull down the zipper of a jacket with one hand, a person may use their teeth to hold the collar. And for tasks that cannot easily be done one-handed, helpful tools exist. However, having two hands makes many tasks easier, like opening a door while carrying something. Besides, we also use our hands to communicate with others, by gesturing and pointing [ ].
WHAT IS A HAND PROSTHESIS?
A prosthesis is an artificial device that imitates the function of a body PROSTHESIS A replacement of a missing body part.
ARTIFICIAL
Something made by humans; not natural.
part. More than half of all people who are missing one or both hands choose to wear a prosthesis at least some of the time [ ]. There are two broadly di erent types: passive prostheses, like cosmetic and passive mechanical hands, and active prostheses, like body-powered
BODY-POWERED
Something that is moved by the human body.
and externally-powered hands [ , ] .
EXTERNALLY-POWERED
Something that is moved with an external energy source, like a battery.
WHAT ARE "PASSIVE" PROSTHESES?
The simplest forms of hand prostheses, passive cosmetic prostheses, were already in use more than , years ago in ancient Egypt ( Figure A) . They serve an aesthetic purpose, meaning they are mainly "for looks," rather than a functional purpose and they are called "passive" prostheses, because they cannot move to actively grasp something. Passive cosmetic hands are still used today, because they can look very life-like, which is important for many wearers. If our society were more accepting of di erent-looking bodies, people might feel more comfortable in public without a cosmetic prosthesis.
A passive mechanical hand has fingers that are moveable with the help of the other hand or the environment. This means that a mechanical hand can be used to hold something. The first passive mechanical hand was developed and used by the German knight Gottfried "Götz" von Berlichingen in the sixteenth century ( Figure B ). Body-powered prostheses, invented in the nineteenth century, are usually attached to the body with a harness. The hands or hooks at the end are opened and closed through body movements, like stretching out the arm (Figure ) . These prostheses are made from plastic, metal, and fabric for the straps of the harness.
Externally-powered active prostheses have been widely used since the s. They are called "externally-powered," because they need an external power source, a battery. These types of prostheses are the complex robotic hands and arms that you sometimes see in movies or computer games ( Figure C ). These prostheses are made from plastics, metal, and many electrical components, like motors and microprocessors. These devices are also called "myoelectric"
MYOELECTRIC
Using the electrical energy of muscles ("myo" = Greek for "muscle").
prostheses. "Myo" comes from the Greek and means muscle. When we move our muscles, small electrical fields are generated around them, which can be measured by electrodes. By placing an electrode on the skin over a muscle, we can measure if and how much the muscle is moving. The measured electrical signal is sent to the prosthesis through wires. These "myoelectric" signals tell the prosthesis whether to open or close and how fast to move ( Figure ) .
Scientists are trying to find ever better ways of using these myoelectric signals to control prostheses, such as making control easier and enabling more movements than just open and close, for example, moving individual fingers [ ].
A very recent development in upper limb prosthetics is called "osseointegration" (from the Latin "os," meaning bone). In this procedure, the prosthesis is not attached to a socket that is pulled over the stump, as is used for other kinds of active prostheses. Instead, screws are implanted into the bones of the arm, and the prosthetic hand is directly attached to the bone via these screws-similar to our 
WHICH PROSTHESIS IS THE BEST?
Which prosthesis to choose is partly personal preference, and partly determined by the amount of money the user has to spend on the prosthesis [ ]. Body-powered prostheses are costlier than cosmetic prostheses (Table ) . Myoelectric hand prostheses cost even more, and without health insurance, few people can a ord them. Myoelectric prostheses are also heavier than the other types, and their batteries need to be recharged daily. Further, myoelectric control requires healthy muscles and some training in order to operate them properly. Body-powered prostheses restrict the range of movement of arm and shoulders due to the harness but are more robust and allow heavier objects to be picked up and moved. Cosmetic prostheses do not restrict range of movement, they are light, and they usually look very realistic, but they do not allow the user to actively grasp anything. Some people prefer to use simple prostheses rather than complex robotic hands, which can break more easily and are di cult to repair.
Modern myoelectric prostheses can move the fingers of the hand into di erent positions, allowing for di erent ways of grasping (see 
CAN YOU FEEL WITH A ROBOTIC HAND?
One big open question is how to feel with prostheses [ , ] . People using body-powered prostheses can feel the tension of the cable moving the prosthesis, so they can estimate the grasping force somewhat. Myoelectric prostheses can be fitted with sensors to do SENSOR A device that reacts to a physical stimulus (for example, pressure) and sends out information about it.
things like record the grasping force at the fingertips, but scientists do not yet know how to give the information from the sensors back to the prosthesis user.
This information-called "feedback" -needs to be provided in a
FEEDBACK (SPECIFICALLY FOR PROSTHESES)
Information about the prosthesis returned to the person using the prosthesis. meaningful way. There are two di erent approaches to providing feedback: invasive and non-invasive [ ]. Both have upsides and downsides.
"Invasive" means that the prosthesis-user needs to have surgery to receive this kind of feedback. Most commonly, researchers implant electrodes around, in, or through the nerve in the stump, to stimulate the nervous system directly. The aim is to restore natural feedback through direct nerve stimulation. After all, the natural sensors in the human hand also send their information through the same nerves to the brain. But this technique has not yet been successful.
"Non-invasive" feedback, by contrast, does not require surgery. Common ways to provide non-invasive feedback are electrical stimulation of the skin, vibration on the skin, or devices that push, pull, or squeeze the skin. But, this does usually not reproduce natural sensation. For example, scientists place a vibrating motor on the skin; when the prosthesis is touched, the motor vibrates, similar to what happens when a cellphone receives a message. We call this "sensory substitution," because one kind of sensory information (the natural sense of touch) is replaced ("substituted") with another (the vibration). This substitution is not something the brain will naturally understand, so it needs to be learned. It would be ideal if we could, instead, reproduce natural sensations in a non-invasive way.
CONCLUSION
Prostheses are not strictly necessary in everyday life, but many people choose to wear some type of prosthesis. All types of prostheses can restore the appearance of having two hands, to some extent. Active prostheses can further restore some ability to touch, grasp, and hold objects. Myoelectric hands are becoming ever more dexterous and good-looking, but they are expensive. To restore sensation with these robotic hands, we need to find a way to send the information from the sensors to the user in a meaningful way. Many researchers are working on this problem and making huge progress, but there is still no hand prosthesis that restores natural sensation.
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